Abstract Human papillomavirus (HPV) is associated with oropharyngeal squamous cell carcinomas. Persistent viral infection is postulated to lead to carcinogenesis, although infection of benign adjacent epithelium is not typically observed. It is known that immune evasive tumor cells can provide an ideal niche for a virus. The B7-H1/ PD-1 cosignaling pathway plays an important role in viral immune evasion by rendering CD8? cytotoxic T cells anergic. We hypothesized that HPV-related oropharyngeal squamous cell carcinomas express B7-H1 as a mechanism for immune evasion. A tissue microarray was utilized, for which HPV E6/E7 mRNA by in situ hybridization was previously performed. Immunohistochemistry was performed to detect B7-H1 and staining was characterized by pattern, distribution, and intensity. B7-H1 was expressed by 84 of the 181 (46.4 %) cases. Both tumor cell membranous and cytoplasmic expression were present and cytoplasmic expression was identified in some peritumoral lymphocytes. Expression was analyzed in several different ways and then considered binarily as positive versus negative. Tumors expressing B7-H1 were more likely to be HPV positive (49.2 vs. 34.1 %, p = 0.08). B7-H1 expression showed no correlation with disease recurrence in the entire cohort (OR = 1.09, p = 0.66), HPV positive cohort (OR = 0.80, p = 0.69) or HPV negative cohort (OR = 2.02, p = 0.22). However, B7-H1 expression intensity did correlate with the development of distant metastasis (p = 0.03), and B7-H1 intensity of 3? (versus all other staining) showed a strong trend towards distant metastasis in the HPV positive (OR = 6.67, p = 0.13) and HPV negative (OR = 9.0, p = 0.13) cohorts. There was no correlation between B7-H1 expression and patient survival for any of the different ways in which staining was characterized, whether binarily, by distribution, intensity, or combined scores. B7-H1 is expressed in the majority of oropharyngeal squamous cell carcinomas with transcriptionally-active HPV. This suggests that B7-H1 expression by tumor cells may play a role in harboring persistent HPV infection.
Introduction
Human papillomavirus (HPV)-related oropharyngeal squamous cell carcinoma (OSCC) is recognized as a distinct clinicopathologic entity. The younger age of patients with HPV-related tumors, the lower smoke and alcohol exposure rates, and increased rates of sexual exposure suggest that HPV has a central role in carcinogenesis [1] [2] [3] [4] . The prevalence of HPV in OSCC is between 60 % and 80 %, and rates are steadily increasing, with the mechanism believed to be chronic persistent infection leading to carcinogenesis [5] [6] [7] [8] . Studies have demonstrated that oral infection by HPV is not uncommon [3, 9] . However, evidence suggests that virtually all immune competent patients clear the viral infections [10] [11] [12] [13] , supporting the hypothesis that most individuals experience only transient infection.
Patients with HIV have a high prevalence of oral HPV infections due to their systemic immune suppression [14, 15] , and smokers, both of tobacco and marijuana, have high prevalences as well, also thought to be related to some form of immune suppression, either local or systemic. In HPV-related OSCC, viral DNA is seen in tumor cells but typically is absent in the surrounding mucosa, suggesting localized immune suppression within tumor cells [16] . We hypothesized that HPV creates a niche for itself in host tumor cells which allows for persistent infection and immune evasion.
B7-H1 is an immune modulatory molecule that can be aberrantly expressed on the surface of epithelial cells [17] . Cytotoxic T-lymphocytes become anergic when their PD-1 receptor is bound to B7-H1, hence silencing immune surveillance. Expression of B7-H1 in the tumor microenvironment enables the tumor cell to evade the immune system by causing either cytotoxic T-lymphocyte apoptosis or tumor cell resistance to lysis [17] [18] [19] [20] [21] . Increased cell surface expression of B7-H1 has been demonstrated in chronic infection and carcinomas [19, 20, [22] [23] [24] [25] [26] . Studies have demonstrated immune evasion via B7-H1 expression to be associated with metastasis and poor prognosis in many different carcinomas, such as those arising in the kidney, skin, lung, and pancreas [21] [22] [23] [24] [25] [26] [27] [28] [29] . Effective blockade of PD-1 has shown to reverse T-cell anergy and improve outcomes [19, 20] . While the main theory regarding HPV-related carcinogenesis is that there is chronic persistent infection leading to carcinogenesis, we hypothesize that dysplastic or carcinomatous tumor cells, with a microenvironment of B7-H1 expression, can provide the ideal niche for HPV to develop persistent infection. We sought to investigate the expression of B7-H1 in HPVrelated OSCC as a potential model for viral and tumor cell immune evasion and to see if its expression correlated with patient outcomes.
Materials and Methods
With approval from the university Human Research Protection Office, newly diagnosed cases of oropharyngeal SCC from the databases of Radiation Oncology (WLT) and Otolaryngology Head and Neck Surgery were identified. Clinical follow up information was obtained, including survival data, smoking, and other clinical variables. All cases were reviewed by one study pathologist and typed histologically according to our established system as keratinizing SCC, nonkeratinizing SCC with maturation, and nonkeratinizing SCC. Other pathologic features were obtained by report review from the working Copath database. All patients were treated either with primary surgery with or without postoperative radiation and chemotherapy or were treated definitively with radiation therapy with or without chemotherapy. All radiation therapy was intensity modulated and was administered by a single radiation oncologist (WLT). The paraffin blocks were obtained from department files, and a tissue microarray constructed. According to the amount of available biopsied or resected tumor tissue, duplicate two millimeter punches (or if inadequate tumor tissue present, then 0.6 mm punches) were taken from each case. Since most of the cases (75 %) were treated with primary surgery, the majority of cases on the array had the larger (2 mm) punches.
B7-H1 Immunohistochemistry
Paraffin-embedded tissue blocks were cut into 5 lm sections and deparaffinized in xylene and rehydrated in a graded series of ethanols. Antigen retrieval was performed by heating tissue sections in Target Retrieval Solution pH 6.0 (Dako #S1699, Carpenteria, CA, USA) to 121°C using a Digital Decloaking Chamber (Biocare Medical, Walnut Creek, CA, USA), cooled to 90°C, and incubated for an additional 5 min before opening the Decloaking Chamber. Sections were washed in running DH20 for 5 min and then incubated for 5 min in Wash Buffer (Dako #S3006) before being placed on the Autostainer Plus (Dako) for the following protocol utilizing a CSA II kit (Dako #K1497). Sections were blocked for endogenous peroxidase for 5 min using Endogenous Blocking Solution, washed in wash buffer followed by incubation for 60 min with a a B7-H1 antibody (clone A3; monoclonal; dilution 1:300). Antibody was diluted with antibody diluent containing background reducing components. Sections were then washed in wash buffer and incubated 15 min in horseradish peroxidase-labeled anti-mouse immunoglobulins, washed with wash buffer, and incubated for 15 min in amplification reagent. Sections were then washed with wash buffer and incubated for 15 min in anti-FITC HRP, washed and visualized in DAB for 8 min. Sections were washed with DH20, counterstained with hematoxylin, dehydrated in ethanol, cleared in xylene, and coverslipped with permanent mounting media. Staining was read by two study pathologists (JSL and OCU), and all positive cases demonstrated both membranous and cytoplasmic staining but to variable degrees. Staining intensity was graded as: 0 = no staining, 1? = weak staining, 2? = moderate staining and 3? = strong staining. Distribution was graded by percentage of tumor cells that were positive and then divided into quartiles as: 0-5 % = no staining, 1? = 6-25 % staining; 2? = 26-50 %; 3? = 51-75 % and 4? = 76-100 %. Cases were analyzed in several ways, including by intensity alone, by a composite score of distribution plus intensity (resulting in scores of 0 or 2 through 7), and finally, simply binarily as positive when there was any staining (regardless of intensity) in greater than 5 % of the tumor cells versus negative or those with less than 5 % staining.
p16 Immunohistochemistry
Immunohistochemistry was performed for p16 on representative 5 lm whole tumor sections cut from formalinfixed, paraffin-embedded tissue blocks from each case using a monoclonal antibody to p16 (MTM Laboratories; clone E6H4; monoclonal; 1:1 dilution) on a Ventana Benchmark automated immunostainer (Ventana Medical Systems, Inc., Tucson AZ) according to standard protocols with appropriate positive control including normal tonsil and a known positive OSCC case. Antigen retrieval, standard on the machine, utilized the Ventana CC1, EDTATris, pH 8.0 solution. Staining was read by one study pathologist (JSL), and all positive cases demonstrated both nuclear and cytoplasmic staining. Staining was graded in a quartile manner as follows: 0 = no staining, 1? = 1-25 % staining; 2? = 26-50 %; 3? = 51-75 % and 4? = 76-100 %. Cases were then classified binarily as strong positive when there was extensive staining (3?) and negative when there was no or only partial staining (0, 1?, or 2?). More than 90 % of cases were either strongly and diffusely positive or completely negative.
RNA In situ Hybridization for High Risk HPV
In situ hybridization for high risk HPV E6/E7 mRNA was performed by hand using the RNAscope TM HPV kit (Advanced Cell Diagnostics, Inc., Hayward, CA, USA) [30] as previously described. The array (and corresponding control) slides had been read by the two study pathologists (JSL and OSU) and classified in a binary manner as either positive or negative. Positive cases had to have granular cytoplasmic and/or nuclear brown staining that was above the signal on the DapB negative control slide. Discrepant cases were resolved by consensus review. Cases where there was less than 10 % surface area consisting of tumor were excluded.
Statistics
Binary variables were analyzed using Chi square or Fisher's exact test when appropriate. Univariate Cox proportional analysis was used in overall survival, disease specific survival, and recurrence. Overall survival was considered as the time from start of treatment to death from any cause, and disease specific survival was considered as the time from start of treatment to death with known persistent or recurrent cancer. Kaplan-Meier curves were constructed for overall and disease specific survival utilizing the log-rank test for statistical significance. A p value less than 0.05 was considered significant. Kappa statistics were utilized for interobserver agreement for staining results between the reviewing pathologists.
Results
The tissue microarray had adequate tumor present for B7-H1 immunohistochemistry evaluation for 181 out of the total of 198 cases on it. The mean age was 55.8 years (±9.4) with a male:female ratio of 8:1. HPV mRNA and p16 expression were detected in 138 (77.1 %) and 148 (82.0 %) cases, respectively. A total of 84 (46.4 %) cases showed expression of B7-H1 (Table 1 ; Fig. 1 ). Considering staining binarily as positive or negative, there was substantial interobserver agreement for the two pathologists (OCU and JSL) (kappa statistic = 0.89). The distribution and extent of staining are presented in Table 2 . Staining intensity for the entire cohort was as follows: negative = 97 (53.5 %), weak (1?) = 21 (11.6 %), moderate (2?) = 41 (22.7 %), and strong (3?) = 22 (12.2 %). Distribution of staining for the entire cohort for just the positive cases was as follows: 5-25 % = 34 (40.4 %), 26-50 % = 27 (32.1 %), 51-75 % = 12 (6.6 %), and 76-100 % = 11 (13.1 %). Dispersed lymphoid staining (with no discernible pattern) was observed in 150 (82.8 %) cases.
B7-H1 expression was present in 68 of the 138 HPV mRNA positive cases (49.2 %) versus 14 of the 41 (34.1 %) that were HPV negative [OR = 3.4, p = 0.08 (Table 3) ]. Nodal metastasis was present in 77 (91.7 %) of the B7-H1 positive cases compared to 88 (90.7 %) of the B7-H1 negative cases (p = 0.82). Distant metastasis was observed in only 10 cases, 7 (70.0 %) of which were positive for B7-H1 (OR = 2.85 p = 0.10). Incremental B7-H1 staining intensity score (as ordinal results 0, 1?, 2?, or 3?) showed a significant association with distant metastasis in the entire cohort (OR = 1.68; p = 0.03). Binary analysis of B7-H1 intensity of 3? versus all others (0, 1?, 2?) also showed a positive association between intense B7-H1 expression and the development of distant metastasis in the entire cohort, but this was not quite statistically significant (OR = 4.37, p = 0.06). Considering B7-H1 intensity of 3? versus all others in just the HPVpositive or just the HPV-negative cohorts, there again were (20.6) strong trends towards the development of distant metastasis with intense B7-H1 expression (OR = 6.67, p = 0.13 for HPV-positive and OR = 9.0, p = 0.13 for HPV-negative), but these again were not statistically significant. B7-H1 distribution and intensity scores did not show any associations with tumor stage, p16 expression, or other clinical parameters. Patients with tumors that were p16 and HPV mRNA negative were more likely to be either current or former smokers (Table 4) . B7-H1 expression (binarily as positive versus negative), when analyzed for disease recurrence of any kind (local, regional, or distant), was not associated with these in the entire cohort (OR = 1.09, p = 0.66), HPV positive cohort (OR = 0.80, p = 0.69) or HPV negative cohort (OR = 2.02, p = 0.22). It was also not associated with overall survival for the entire cohort (HR = 0.91, p = 0.73), the HPV positive cohort (HR = 0.84, p = 0.64), or HPV negative cohort (HR = 1.65, p = 0.38), although there was a slight trend towards worse overall survival for the patients with HPV negative tumors that were B7-H1 positive (Fig. 2) . B7-H1 expression was not associated with disease specific survival in the entire cohort, (HR = 0.95, p = 0.93) or HPV positive cohort (HR = 1.26, p = 0.56), but did show a trend toward correlation in the HPV negative cohort (HR = 2.15, p = 0.19) (Fig. 3) . Univariate survival analysis of incremental B7-H1 staining intensity and also separately for the presence of lymphoid stromal staining versus none showed no statistically significant correlations with disease recurrence or survival (Table 5 ). Finally, we analyzed a composite score by adding intensity and distribution scores to provide results of 0 or 2 through 7 for each case and compared these results (as ordinal variables and also binarily as high scores-6 or 7-versus others) in univariate survival analysis. We did not find any significant correlations IMRT intensity modulated radiation therapy, K SCC keratinizing type squamous cell carcinoma, NK SCC nonkeratinizing squamous cell carcinoma a B7-H1 expression considered binarily as positive ([5 % staining) versus negative (no staining or less than 5 % staining) b p16 immunohistochemistry status considered binarily as positive C50 % tumor cell staining and negative = no staining or \50 % tumor cell staining between B7-H1 expression and patient survival by this analysis, either (data not shown).
Discussion
In this cross-sectional study we assessed for an association between B7-H1 OSCC tumor expression and transcriptionally-active HPV. Oral HPV infection is not uncommon [10, 11, 31] . However, persistent viral infection is postulated to be the preceding event to carcinogenesis. Several studies show that HPV infection is effectively cleared in patients with an intact immune system, and infected cells are restricted just to those within tumors [9] [10] [11] . An alternative hypothesis to HPV-mediated carcinogenesis is that immune-evasive dysplastic or frankly invasive cells become persistently infected by HPV. We found transcriptionally-active high risk HPV E6/E7 in 49.2 % of cases with B7-H1 expression versus 34.1 % of B7-H1 negative cases (p = 0.08). Although these findings were not statistically significant, the effect size suggests that tumor mediated immune evasion could play a role in the subset of HPV-related OSCCs. The highest prevalence of HPV oral infection is seen in HIV patients [14] , which further suggests the necessity of a compromised immune system for persistent infection. We propose that the compromise of the immune system could be partially a localized phenomenon, mediated at the individual tumor cell level. Although overall, we observed B7-H1 expression in 46 % of cases, we saw a higher proportion of B7-H1 positive cases among the HPV positive tumors. It is possible that tumors could lose their expression of B7-H1 later and therefore cannot be captured in this study. In vivo studies addressing the likelihood of persistent B7-H1 expression amongst HPV positive tumor cells would be informative. ISH in situ hybridization, HPV human papillomavirus, N0 no nodal metastases, N1-N3 nodal metastasis present, M0 no distant metastasis, M1 distant metastasis present HPV human papillomavirus a as positive = current or former smoker and negative = lifetime non-smoker
We did not find an association between B7-H1 expression and nodal metastases. However our study population was rich with patients with nodal metastasis (91.2 %), as would be expected for a contemporary OSCC cohort. In this cohort, only 16 patients showed no evidence of nodal metastasis. This suggests our study may be underpowered to make any specific associations here. Carcinomas in other anatomic regions with B7-H1 expression are associated with distant metastasis and with poorer survival. B7-H1 staining intensity as an integral variable significantly correlated with the development of distant metastasis in the entire cohort, and comparing binary strong intensity staining (3?) versus others (0, 1?, 2?) showed strong trends with the development of distant metastases. The findings suggest that there may be a biologically significant role for B7-H1 expression in the development of distant metastasis, perhaps akin to the findings in numerous studies on other carcinomas [23, 24, 27, [32] [33] [34] and on melanomas [25] . In our study, this association did not carry through to a benefit in overall, disease free, or disease specific survival. This is likely due to the small numbers of patients that had distant metastasis in the whole cohort of patients. So, although an interesting finding, one must be careful not to over interpret our finding of an association between B7H1 expression and metastasis. To more definitively address if B7-H1 expression truly increases the risk of death in OSCC, quite sizeable numbers of patients would appear to be needed. As an additional unrelated finding, we observed a large proportion of current or former smoking amongst the HPV negative and also the HPV positive patients. This is in contrary to the common misconception that HPV and smokingrelated carcinogenesis pathways are either partially or totally exclusive of each other. The larger literature also shows most HPV-related OSCC patients to be current or former smokers [2, 8, [35] [36] [37] [38] [39] , although it is clear that there are less overall smokers amongst the HPV-related cases and their amounts of exposure are less. Dysplastic changes secondary to tobacco smoke could be accompanied by aberrant expression of B7-H1. If true, a dysplastic cell would provide an ideal niche for persistent infection by HPV setting up an environment for malignant transformation.
Our study has a few other limitations. The inherently ''snap shot'' nature of cross sectional studies make it difficult to determine any temporal relationship between infection and carcinogenesis. Also, the distribution of patients with recurrent versus nonrecurrent disease in this cohort is fairly skewed due to the favorable prognosis of HPV-related OSCC. This perhaps limits the power to identify factors associated with recurrence. Lastly, some have observed B7-H1 expression in the lymphocytes and tumor cells at the leading edge of invasive tumors, notably in melanomas. Because we utilized a tissue microarray, we could not assess the leading edge of invasive tumor to examine for this phenomenon.
In summary, a significant subset of HPV-related OSCC express B7-H1, and B7-H1 expression is somewhat higher in patients with distant metastases. This suggests a mechanism of tumor mediated immune evasion. Future in vitro studies could delineate the role of B7-H1 expression in tumor cell infection by HPV. No strong association with disease recurrence or prognosis was observed, which may reflect the overall positive effect of HPV on these variables or may be due to limited sample sizes. Future studies will be needed to better define the role of B7-H1 in OSCC.
